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Dedicated to the memory of Stephen Hawking 


This paper presents strong observational evidence of numerous previously unobserved anomalous 
circular spots, of significantly raised temperature, in the CMB sky. The spots have angular radii 
between 0.03 and 0.04 radians (i.e. angular diameters between about 3 and 4 degrees). There is a 
clear cut-off at that size, indicating that each anomalous spot would have originated from a highly 
energetic point-like source, located at the end of inflation — or else point-like at the conformally ex- 
panded Big Bang, if it is considered that there was no inflationary phase. The significant presence of 
these anomalous spots, was initially noticed in the Planck 70 GHz satellite data by comparison with 
1000 standard simulations, and then confirmed by extending the comparison to 10000 simulations. 
Such anomalous points were then found at precisely the same locations in the WMAP data, their 
significance confirmed by comparison with 1000 WMAP simulations. Planck and WMAP have very 
different noise properties and it seems exceedingly unlikely that the observed presence of anomalous 
points in the same directions on both maps may come entirely from the noise. Subsequently, further 
confirmation was found in the Planck data by comparison with 1000 FFP8.1 MC simulations (with 
l < 1500). The existence of such anomalous regions, resulting from point-like sources at the con- 
formally stretched-out big bang, is a predicted consequence of conformal cyclic cosmology (CCC), 
these sources being the Hawking points of the theory, resulting from the Hawking radiation from 
supermassive black holes in a cosmic aeon prior to our own. 
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1. Conformal Cyclic Cosmology 
The proposal of conformal cyclic cosmology (CCC) (Pen- 
rose 2006, Penrose 2010, Penrose 2018) provides an al- 
ternative to the initial inflationary epoch of current cos- 
mology, where CCC replaces inflation by the A-driven 
exponential expansion of a pre-Big Bang universe epoch, 
referred to as a previous aeon; compare (Gasperini & 
Veneziano 1993). A is taken as an absolute positive (cos- 
mological) constant and the entire universe history is 
taken to be an unending sequence of such aeons, each 
beginning with a big bang and ending with a A-driven 
exponential expansion. The conformal infinity (see (Pen- 
rose 1964)) of each aeon joins conformally smoothly to 
the conformally expanded big bang origin of the subse- 
quent aeon. 

The conformal infinity of each aeon is spacelike because 
A > 0 (Penrose 1965) and the conformally stretched big 
bang of each is also spacelike, so the matching has some 
geometrical rationale. Moreover this identification is 
physically as well as geometrically plausible. The confor- 
mal squashing of the exceedingly cold and rarefied remote 
future results in an enormous increase in the temperature 
and density. Correspondingly, the conformal stretching 
of each big bang provides an enormous reduction in the 


temperature and density, so the conformal matching is 
not physically implausible. Moreover, the matter content 
of the remote future of each aeon is essentially dominated 
by photons, these being governed by the conformally in- 
variant Maxwell equations so that, with regard to this 
dominant matter component of the remote future, this 
conformal picture of space-time is physically appropriate. 
Correspondingly, as we proceed back in time into the big 
bang of each aeon, we find that massive particles attain 
kinetic energies so large that their masses become physi- 
cally irrelevant and act as conformally invariant massless 
entities in the limit as that aeon’s big bang is approached. 
It is thus argued that the conformal joining of each aeon’s 
conformal future infinity to the conformally stretched big 
bang of a subsequent aeon may be considered as making 
both geometrical and physical sense. 


There are two additional issues concerning the remote 
future of each aeon. One of these is the presence of a cer- 
tain proportion of massive particles, atoms, or molecules, 
that one could expect to survive to the indefinite future 
of each aeon, such as hydrogen atoms, protons (and/or 
positrons), electrons, and neutrinos (or neutrons, etc. in 
neutron stars), which in current theory retain their mass 
indefinitely. This is dealt with in CCC by the proposal 


of a A-driven ultimate mass fade-out, where it is argued 
that the masses of all particles asymptotically fade to zero 
in the remote future of each aeon. One possible rationale 
for this is, with A being fundamental, that the most basic 
group of particle physics should be the de Sitter rather 
than Poincaré group, and that mass, not being a Casimir 
operator of the de Sitter group, need not be an absolute 
constant, for a stable particle, in the presence of A (see 
(Penrose 2018)). Charge remains constant in CCC, as 
does ht, from which it follows that the ground state of hy- 
drogen will gradually dissociate as the electron mass and 
proton mass gradually fade away. Protons themselves 
might decay, but since charge is conserved one may ex- 
pect that the ultimate positively charged decay product 
would be positrons, subject, as with electrons, to ulti- 
mate asymptotic mass fade-out. 


This proposal of ultimate mass fade-out is indeed an 
assumption of CCC. The remaining remote-future issue is 
the ultimate fate of black holes. Accepted theory (Hawk- 
ing 1974, Hawking 1975) asserts that these will eventually 
evaporate away by Hawking radiation as the universe fi- 
nally cools to near absolute zero. CCC is in accordance 
with this view, whose remarkable consequences will be 
discussed further in Section 3. For now, it may be re- 
marked, first, that galactic clusters remain essentially 
bound as the universe (exponentially) expands, and it 
may be expected that the majority of the mass in a clus- 
ter should eventually be swallowed by a hugely supermas- 
sive black hole of perhaps up to some 10! solar masses. 
The expectation is (Page 1976) that although it might 
take up to some 10! years, virtually the entire mass of 
that black hole, and therefore of that galactic cluster, will 
ultimately be radiated away in the form of photons, or 
perhaps other particles that will have become effectively 
massless due to mass fade-out. Because of the extremely 
late stage, in each aeon, of this energy release, and owing 
to the huge conformal squashing involved, it all becomes 
effectively concentrated at a single point H (as marked in 
Fig.1.) of the crossover 3-surface X (as marked in Fig.1.) 
which joins that aeon’s conformal infinity to the confor- 
mally stretched big bang of the subsequent aeon. We 
refer to such a point H as a Hawking point. 


Before coming to the observational implications of this 
picture, it will be helpful to explain certain other aspects 
of CCC. It is important, first, to understand that CCC 
is not, in any major way, in conflict with conventional 
A-CDM cosmology, from some 1075 s (the presumed 
turn-off moment of inflation, in conventional theory) af- 
ter our Big Bang (where the capitalized “Big Bang” refers 
to the specific moment that initiated our own particular 
aeon). From this moment onwards, within our current 
aeon, CCC is in basic agreement with the conventional A- 
CDM picture — though the Hawking points would modify 
things in a way that we argue here has some direct obser- 
vational support. CCC’s ultimate mass fade-out does not 
affect this agreement. The presence of Hawking points 
adds an intriguing new ingredient to the conventional 
picture, though not grossly altering it. Most particu- 
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FIG. 1: The lower part is a conformal diagram representing 
the effect of a highly energetic event occurring at the space- 
time point H. In CCC, H is taken to be a Hawking point, 
where virtually the entire Hawking radiation of a previous- 
aeon supermassive black hole is concentrated at H by the 
conformal compression of the hole’s radiating future. The 
horizontal line at the bottom stands for the crossover sur- 
face dividing the previous cosmic aeon from our own and de- 
scribes our conformally stretched Big Bang. In conventional 
inflationary cosmology, X would represent the graceful exit 
turn-off of inflation. In each case, the future light cone of H 
represents the outer causal boundary of physical effects ini- 
tiated at H, and such effects can reach D only within the 
roughly 0.08 radian spread indicated at the top of the dia- 
gram. 


larly, CCC would not appear to alter, in any major way, 
the conventional description of the ~380000-year period 
following the turn-off of inflation (graceful exit) and de- 
coupling, being beautifully confirmed by agreement with 
the Planck-data power spectrum for l-values greater than 
about 40. 


The actual input from inflation to this ~380000-year 
evolution, in standard cosmology, is fairly minimal, but 
its role in providing a source for the almost scale-invariant 
temperature variations in the CMB needs an alternative 
explanation in CCC. This is provided by the A-driven 
exponential expansion of the previous aeon, where infla- 
tion theory’s inflaton quantum fluctuations are replaced 
by the effects, coming through from the previous aeon, of 
gravitation wave impulses that are the products of erebon 
decay in that previous aeon, erebons being the particles 
that constitute dark matter in CCC. Such dark matter is 
a necessary consequence of the equations of CCC (Pen- 
rose 2010, Gurzadyan & Penrose 2013, Penrose 2018). 


With a decay half-life of the order of 10!! years, both the 
near scale invariance of the CMB temperature fluctua- 
tions and the spectral index can find a CCC explanation. 
Details will be published elsewhere, but for a preliminary 
discussion, see (Penrose 2018). 

It should also be pointed out that the arguments 
in support of inflation that it supplies an explanation 
for the temperature fluctuations that would appear to 
be acausal in a cosmology without inflation are easily 
explained within CCC . The existence of an aeon prior 
to ours gives ample scope for such correlations. For 
example, the gravitational wave signals considered in the 
following section would certainly provide correlations of 
this apparently acausal kind. 


2. Observable effects of previous-aeon black- 
hole encounters 

There are two quite distinct types of event concern- 
ing supermassive black holes in the previous aeon, that 
should be observable, according to CCC, and it is impor- 
tant not to confuse them. One of these would be the ef- 
fects of gravitational waves coming from inspiralling pairs 
of supermassive black holes (discussed in this section) 
and the other the effects of the evaporation of supermas- 
sive black holes (discussed in the next section). The ob- 
servable signals for the first type would be narrow-width 
circular rings, within which would be the observed ef- 
fect of the final burst of this radiation, containing almost 
the entire energy emitted. These rings would often occur 
in concentric sets since several such events could often 
take place within the history of a single galactic clus- 
ter, whose extended world-line would reach the crossover 
surface at the central point of the rings. Such rings wold 
be distinguished by having anomalously low temperature 
variance around them (Gurzadyan & Penrose 2013, ap- 
pendix B), or of significantly differing average temper- 
ature around the ring from that of a neighbouring ring 
concentric with it. Such rings could be of large angular 
diameter across the sky, but not of greater than around 
40° (Tod 2012, Nelson & Wilson-Ewing 2011). Evidence 
for the existence of such rings in the WMAP data was 
found by Gurzadyan and Penrose (Gurzadyan & Penrose 
2013) and by Meissner, Nurowski and Ruszczycki (Meiss- 
ner, Nurowski & Ruszcezycki 2013) in the WMAP data, 
the latter providing a 99.7% statistical confidence level 
for the reality of the effect. Subsequently, An, Meissner 
and Nurowski (An, Meissner & Nurowski 2018) exam- 
ined the Planck satellite data, again finding a significant 
effect, at a 99.4% confidence level. 

The WMAP analysis provided in (Gurzadyan & Pen- 
rose 2013) was repeated by DeAbreu, Contreras, and 
Scott (DeAbreu, Contreras, & Scott 2015), and although 
a virtually identical picture of the circular features was 
obtained, these authors argue that the presence of such 
features is not statistically significant. They did not, 
however, repeat the further analysis actually given by 
Gurzadyan and Penrose, which showed that when the 
analysis was modified so as to search for somewhat el- 


liptical rather than circular rigs, the numbers drop dra- 
matically, and continued to drop consistently, with in- 
creasing ellipticity, showing that concentric circular rings 
predicted by CCC have a preferential significance. The 
procedure adopted here is to use the same concentric- 
circle search as before, but applied to a CMB sky that is 
twisted about the galactic polar axis, this being equiva- 
lent to a search for concentric elliptical shapes in the real 
sky. This procedure is misunderstood by DeAbreu, et al, 
who argue that the temperature variance profile of the 
twisted sky is different from that of the real sky, a point 
which is actually irrelevant to the analysis of (Gurzadyan 
& Penrose 2013), which depends only on that for the real 
sky. We should also point out that other earlier claims 
(such as (Wehus & Eriksen 2011, Hajian 2011)) that they 
do not find statistically significant evidence for the sig- 
nals, later argued for more forcefully by Gurzadyan and 
Penrose (Gurzadyan & Penrose 2013), are not demon- 
strations that such signals do not actually exist, but indi- 
cate that a more sophisticated analysis is needed, such as 
that of (Gurzadyan & Penrose 2013, Meissner, Nurowski 
& Ruszczycki 2013, An, Meissner & Nurowski 2018). 


More importantly, DeAbreu, et al. provide no expla- 
nation for the striking departure from isotropy in the 
observed features, where they comment only on the rel- 
atively minor feature that more centres are found in the 
galactic southern than in the northern hemisphere. How- 
ever, the departure from isotropy is far more striking than 
this, which is made particularly obvious in the search 
for centres of triples of low-variance rings in the Planck 
satellite data as displayed in Fig. 2 of (Gurzadyan & Pen- 
rose 2016), which exhibits the centres of concentric triples 
(at least) of low-variance circular rings. We notice that 
the vast majority (in fact around 83%) of the 1134 cen- 
tres found lie within three roughly elliptical regions (two 
in the southern and one in the northern galactic hemi- 
sphere), each of not more than about 3% of the entire 
region of the sky being examined. 

It should be pointed out that such 
anisotropy/inhomogeneity is not a prediction of 
CCC, but is perfectly consistent with that theory. The 
trouble lies more with the conventional inflationary 
picture, according to which, such gross departures from 
uniformity are hard to explain. In the CCC picture, 
there is no inflation, and therefore no strong requirement 
that the large-scale spatial universe be particularly 
homogeneous or isotropic, and the strong clumping 
depicted in Fig. 2 of (Gurzadyan & Penrose 2016) 
could be explained by the presence, in the previous 
aeon, of enormously large superclusters of galaxies in 
the directions of these three concentrated regions. Such 
an interpretation is enhanced by the fact that there is 
also a strong “clumping” in the colour coding in Fig. 2 
of (Gurzadyan & Penrose 2016), a feature whose strong 
significance for CCC, and also its relevance to Hawking 
points, will be discussed elsewhere. 


3. Hawking points in CCC 


We now come to the essential purpose of this paper: 
the observational implications of the ultimate fate of su- 
permassive black holes in the previous aeon, and the ob- 
servational implications for our current aeon. The picture 
that we should bear in mind is that whereas superclusters 
gradually disperse, owing to the exponential expansion of 
the later stages of each aeon, individual galactic clusters 
remain bound. The supermassive black holes within the 
galaxies of each cluster, will begin to feel each other out 
and then spiral into one another to form a single hugely 
massive black hole. As time evolves, that remaining su- 
permassive black hole would be expected to swallow per- 
haps the majority of the matter in that galactic cluster, 
though some fair portion might escape into outer space, 
to join intergalactic hydrogen and dark matter already 
there. Eventually, the mass content of the aeon would 
consist, to large extent, of huge supermassive black holes 
of perhaps up to 10!* solar masses, which would last 
for periods of up to perhaps 101°° years (Page 1976) af- 
ter which it should have Hawking-evaporated away com- 
pletely. 


We must bear in mind that, despite Hawking radi- 
ation being of an absurdly tiny temperature, over the 
aeon’s history the entire mass-energy of the hole will be 
finally radiated away and, in the conformal picture, this 
will take place within what would effectively be a single 
Hawking point H, only infinitesimally beneath X. Being 
mainly in the form of photons (and some neutrinos and 
other mass-faded particles) this radiation comes directly 
through X to heat the initial material in the succeeding 
aeon enormously, just to the future of the Hawking point 
H, depositing the hole’s entire mass-energy there. This 
hugely heated region would then gradually spread out 
in our aeon until reaching the decoupling 3-surface D, 
providing something like a Gaussian distribution on D, 
centred at a point G on D, just to the future of H in the 
conformal picture, where the spread, duly constrained by 
the speed of light, should, from our vantage point, be no 
greater than the maximum causally allowed diameter of 
around 4° (i.e. a radius < 0.035 radians). What we see 
from our current vantage point would be the intersection 
of our past light cone C with this small distribution on 
D, which appears to us as a small Gaussian-like distribu- 
tion centred at the Hawking point H, having spread out 
to subtend an angular distance of no greater than 0.035 
radians on either side of G (i.e. within H’s light cone), 
see Fig.1. 

The actual temperature profile depends on the de- 
tailed particle physics involved, in accordance with con- 
ventional theory, and, for the enormously highly ener- 
getic particles involved, we would expect that it should 
appear to us like a Gaussian with maximum temperature 
at at G, and cooling off as it spreads out to something a 
bit less than the causally allowed maximum of 2° radius 
— less, because C would normally not quite pass through 
G (see Fig 1.) We call such a (necessarily circular) re- 
gion of raised temperature a Hawking disc, the presence 
of such features in the actual CMB sky being a critical 


issue for CCC. In Section 4, we describe the details of our 
search for Hawking discs in the actual CMB where, ac- 
cording to the above discussion, we take note of the fact 
that the temperature of a Hawking disc ought to have a 
maximum at its centre, and which falls off in a Gaussian- 
like way towards its outer edge. In order to identify such 
discs we look for annular regions in the CMB sky, taken 
to be concentric with such a proposed Hawking disc, and 
see if we find a significant drop in temperature from the 
inner to outer boundary of the annulus. The test is to 
see whether these features are found in the actual CMB 
sky with parameter values as are predicted by the theory 
described above. 

Accordingly, we should indeed expect to find such 
annuli, but where the outer edge has a radius no larger 
than about 0.035 radians, and where we anticipate a 
sharp cut-off in numbers for such discs having a greater 
outer radius than this, and not so many of them with 
outer radii of less than around 0.02 radians. These 
are expectations that we infer from Fig.l. As we shall 
see in Section 4, our findings appear to be strongly in 
accordance with these expectations. 


4. Anomalous small regions in the CMB map 


In order not to prejudice our search in favour of the 
particular signals anticipated by CCC as described above, 
we broadened our search, so as to be for annuli with 
inner radii rı of between zero and 0.04 radians and outer 
radii r2 from 0.01 up to 0.08 radians. The annular width 
E€ = Tə — Tı is taken to run from 0.01 to 0.04 radians, 
all taken in steps of 0.01 radians. Moreover we allow for 
the temperature slope from inner to outer radius to be 
positive, rather than the CCC-expected negative slopes. 

Remarkably, we find, at a 99.98% confidence level (of 
agreement between this particular aspect of CCC theory 
and the Planck satellite data) the existence of this pre- 
viously unnoticed family of anomalously energetic small 
circular regions in the CMB sky. A comparison with 1000 
conventional Planck simulations provided a powerful case 
for the possibility of there being actual signals of the kind 
that would be consistent with the theoretical considera- 
tions that we have described earlier in this paper, the sig- 
nal appearing to be outstandingly strong. Accordingly, 
we compared our CMB findings with a further indepen- 
dent 9000 simulations. Again we found the same strong 
signal as before, at the same parameter values, and our 
confidence level of better than 99.98%, referred to above, 
is based solely on these subsequent 9000 simulations. 

To provide additional confirmation of this result we 
also used 1000 FFP8.1 MC simulations (with | < 1500) 
and obtained the same result. As an independent test, we 
compared the WMAP ‘deconvolved’ real map with 1000 
simulations and again arrived at the same result, noting 
that the five strongest anomalous regions of the Planck 
map were found to occupy precisely the same locations 
as five of the strongest locations found in the WMAP 
data. Planck and WMAP have very different noise prop- 
erties and it seems unlikely that the observed presence 


of anomalous points in the same directions in both maps 
could come entirely from the noise. 

The details and the particular motivations underly- 
ing our current search are given below. In this section 
we simply provide a brief description of the particular 
anomalous regions of the CMB sky that we appear to be 
seeing, and raise some of the significant implications of 
this. What our search reveals is a multitude of distinctive 
circular spots in the CMB, of increasing temperature to- 
wards their centres, having an intensity somewhat more 
than an order of magnitude greater than the standard 
1075 temperature fluctuations. 

A striking and noteworthy feature of these anomalous 
spots is that within the range of diameters that we 
examine, there is a sharp cut-off at an angular diameter 
of around 0.08 radians. To understand the puzzle for 
conventional inflationary theory that is raised by this 
finding, it is helpful to examine the conformal diagram 
of Fig. 1. This depicts the 380000-year period between 
a powerful source of energy at the space-time point 
H and the decoupling surface D. We note that if the 
source had not been in the extremely early universe, as 
depicted in the figure, but within the following 380000 
years before reaching D, then the spreading out of the 
signal at D could indeed be constrained to within around 
0.08 radians in the observed CMB. But the physics 
within that 380000 year period is well understood, being 
superbly confirmed by the close agreement with the 
CMB power spectrum at l values larger than about 
40, so it is hard to see how the signals we see could 
originate in this way. On the other hand, any hugely 
energetic disturbance that took place much earlier than 
the turn-off of inflation (the so-called graceful exit 
moment) would have spread to a far larger diameter 
when reaching D. In conventional inflationary theory, 
unless H were indeed constrained to be very close to the 
turn-off surface of inflation represented by the horizontal 
line X, the spread of this energy to the future of H 
would be expected to be much larger than the observed 
angular diameter of around 0.08 radians. Accordingly, H 
would have to be very close to the turn-off of inflation, 
as depicted in the figure, which would seem to be 
problematic for inflationary theory. On the other hand, 
as has been argued above, the expectations of CCC are 
well in accordance with these observations and, indeed, 
such features are predictions of that theory. 


5. Details of the analysis 
In the present paper the procedure we use to analyse 
Planck and WMAP data is similar to the one used by 
us before in (Meissner, Nurowski & Ruszczycki 2013) 
and (An, Meissner & Nurowski 2018) (Galactic equato- 
rial belt excluded, imposed masks etc.) with one cru- 
cial difference. To explain this difference we recall that 
in the previous searches (i.e. looking for the ring-type 
structures) the assumed profile consisted of two contigu- 
ous concentric annuli, the inner with negative weight and 
the outer with positive weight. The convolution of the 


profile (with different angular radii and width of the an- 
nuli) with the actual temperature T was calculated for 
rings in different directions in the sky. Such calculations 
were performed both for the real maps as measured by 
WMAP and Planck (70 GHz, SMICA, SEVEM...) and, 
initially, for 1000 artificial maps generated with the ob- 
served CMB power spectrum. Then the CDF’s of the 
results were compared using the procedure described in 
(Meissner 2012). The results showed that in some cases 
none of the artificial maps out of this 1000 performed 
better than the real map. 

The difference between our previous approach and the 
present one is that now we are looking for the slopes of T 
around a given direction for an annulus of inner angular 
radius rı and width £. The slope in a given direction is 
calculated by the formula (minimizing $` (ôT; — ax; — b)? 
with respect to a and b) 


_ no(a 6Ti) — (X zi) (È OT) 
nyo ai — (ai)? 


where x; is the angular distance of point i from the given 
direction, ôT; is the temperature at this point and n is the 
number or points in the annulus. The sums run over all 
points in an annulus around the given direction. Having 
the slopes for all directions on the sky we create the CDF 
for a given map. Then we create a “theoretical” CDF by 
averaging the CDFs of all these 10000 artificial maps and 
use the formula from (Meissner 2012) to calculate 2 num- 
bers describing extremal, positive and negative, parts of 
CDF. Then we check how many artificial maps “outper- 
form” the real map, separately for positive and negative 
slopes. 

Table I, below, gives the results for smallest annuli. 
Values rı for the inner radii are given in column 1, and 
for widths €, in columns 2 and 7. The 3™¢ column shows 
the number N1* of artificial maps (out of this 1000) out- 
performing the real map with large positive slopes and 
the 4t? and 9** columns, the number of artificial maps 
(out of this 1000) outperforming the real map with large 
negative slopes. The zeroes in columns 4 and 9 show 
that for annuli of widths £ = 0.02 or € = 0.03 (with inner 
radius rı = 0.01) there are no artificial maps outper- 
forming the real map with large negative slopes i.e. with 
the temperature decreasing outwards. The appearance 
of these zeroes led us to perform an analysis with a much 
larger set of maps (9 000 more, in addition to the orig- 
inal 1000) either to confirm or reject the hypothesis of 
the physical validity of the strong signal seen in the true 
data, for rı = 0.01 and widths either £ = 0.02 or € = 0.03 
both absent in the first set of 1000 artificial maps. We 
see in the 11‘ and 6t (N2°*) columns that the hypoth- 
esis is confirmed and we can estimate the probability of 
the purely random appearance of annuli (0.01, 0.02) as 
approximately 0.01% and (0.01, 0.03) as approximately 
0.02%, providing us with a confidence level of better than 
99.98% that there is a genuine signal in the true CMB at 
rı = 0.01 and widths at either € = 0.02 or e = 0.03. 


(1) 


TABLE I: # of artificial maps outperforming the real Planck 
70 GHz map 


a e [NDE] N| NI |N] e | N3 | N1 | yy 20k | y0 
0.0 |/0.01| 921 | 242 | 9358 | 24060.02 | 710 | 186 | 7110 | 1700 
0.01 |/0.01| 952 | 139 | 9592 | 1422|0.02| 734| 0 |7232] 1 

0.02 |/0.01| 215 | 831 | 2199 | 83300.02 | 384 | 110 | 4056 | 1119 
0.03 }|0.01] 625 | 905 | 6398 | 90620.02 | 258 | 978 | 2627 | 9810 
0.04)|0.01] 182 | 910 | 1926 | 9310|0.02| 991 | 921 | 9929 | 9169 


= e [NIE NE| 20%] N] e [N1 |N |N% | N1 
0.0 ||0.03] 681 | 63 | 6649| 595 110.04; 608 | 6 |5939| 43 
0.01 1/0.03| 875| 0 |8904} 2 |0.04| 779 | 968 | 7737 | 9722 
0.02)|0.03] 756 | 601 | 7567 | 5855|0.04| 289 | 513 | 3131 | 5115 
0.03 1/0.03| 180 | 666 | 1979 | 6602|0.04| 749 | 597 | 7531 | 6093 
0.041/0.03| 162 | 412 | 1664 | 4271|0.04| 42 | 378 | 315 |3745 


In table II, the galactic coordinates (in radians, latitude 
from the North Galactic Pole) of the annuli with the most 
significant negative slopes are given for inner-radius 0.01 
and widths 0.02 and 0.03. (Sometimes the same point ap- 
pears in both tables, as with (0, ¢) = (2.219, 0.012)). The 
slopes are strikingly large apparently pointing to some 
novel phenomenon. 


TABLE II: galactic coordinates of 10 annuli (Planck) 
with most negative slopes (Tems /rad) 
left: rı = 0.01, ¢ = 0.02, right: rı = 0.01, £ = 0.03 


Tcmg/rad 0 d 

-0.01403 |2.219)0.012 
-0.01266 |0.204) 2.405 
-0.01215 
-0.01166 |2.988/4.908 
-0.01164 |2.545/0.051 
-0.01154 |2.949)0.052 


Tome /rad 0 p 

-0.01033 |0.204) 2.405 
-0.00891 
-0.00804 |2.219)0.012 
-0.00735 |0.140 4.783 
-0.00721 
-0.00701 


-0.01151 |2.678/5.388 -0.00677 |0.799|0.785 
-0.01129 |0.716|3.698 -0.00662 |2.949|0.052 
-0.01113 |0.689|0.844 -0.00660 |2.756 5.209 
-0.01103 |0.799|0.785 -0.00658 |2.545/0.051 


The difference between the temperatures of the outer 
and inner boundaries for the most significant annulus 
(0.01,0.02) is —2.8 - 1074 K and for (0.01,0.03) it is 
—3.1 -1074 K i.e. more than an order of magnitude more 
than the average CMB fluctuation. 

To confirm the result we also used 1000 maps from 
FFP8.1 MC simulations (with | < 1500) produced and 
made available by the PLANCK team (Planck Collabo- 
ration 2016). These maps put many factors into consid- 
eration, such as beam, noise, scanning strategy and grav- 
itational lensing. The simulations have given the results 


very similar to those given in Table I and are given below 
in Table III. In particular for (0.01, 0.02) and (0.01, 0.03) 
there were no (or 1) simulated maps that outperformed 
the real map. In addition, we can see that for (0.00, 0.04) 
the number is also significantly low. Therefore, we can 
draw the conclusion that our previous result was not in- 
fluenced by gravitational lensing or noise. 


TABLE III: # of artificial FFP8.1 MC maps outperforming 
the real Planck 70 GHz map 


rı e [NISNI] e [NIF NI e [NYPL NL 
0.00|/0.02| 733 | 187 1|0.03| 665 | 55 ||0.04| 581| 4 
0.01|/0.02| 705| 1 |/0.03) 878} 0 ||0.04] 780 | 974 
0.02]| 0.02) 387 | 117 |]0.03) 772 | 594 ||0.04| 315 | 540 
0.03]| 0.02) 260 | 985 |]0.03] 163 | 672 ||0.04| 736 | 635 
0.04]] 0.02) 983 | 911 |]/0.03) 143 | 408 ||0.04| 31 | 373 


We also compared our result with the WMAP ’de- 
convolved’ 1000 maps with the theoretical Planck power 
spectrum. The results are given below in Table IV. Again 
for (0.01,0.02) and (0.01, 0.03) there were no simulated 
maps that outperformed the real map. In table V we 
give the directions of the most intense annuli from the 
WMAP data. Note that most intense 5 annuli listed in 
Table II (from the Planck data) are also in Table V (from 
the WMAP data). 


TABLE IV: # of artificial maps outperforming the real 
WMAP 70 GHz map 

ri || e NINE] e [NI NE] e |N |N 
0.00)|0.02) 636 | 187 |0.03| 690 | 47 ||0.04| 485| 4 
0.01)/0.02) 776| O |/0.03) 942] 0 |/0.04] 731 | 973 
0.02)/0.02) 535 | 102 |/0.03] 726 | 461 ||0.04| 442 | 552 
0.03)/0.02) 186 | 941 |/0.03] 341 | 685 ||0.04| 642 | 733 
0.04)/0.02) 995 | 728 |/0.03] 240 | 500 ||0.04| 14 | 326 


TABLE V: galactic coordinates of annuli (WMAP) 
with most negative slopes (Tcmp/rad), rı = 0.01 


Outlook 


It seems to us that our analysis of slopes of the tempera- 
ture in the CMB maps gives us a significant initial indica- 
tion of the nature of the anomalous regions and provides 
an important new input into cosmology, irrespective of 
the validity of CCC. It is hard to see, however, that they 
find a natural explanation in the currently conventional 
inflationary picture. 
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